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[5 7 ] ABSTRACT 
A crimped corrosion proof terminal for crimping onto 
solid or stranded aluminum wire is disclosed. The pre 
crimped combination includes a tubular, plated cop 
per terminal, the forward portion of which is flattened 
and closed and the rearward portion houses a perfo 
rated insert. The rearward portion of the terminal 
carries an insulation sleeve disposed on a metallic fer 
rule. The rearward portion of the ferrule houses a 
bushing. This assembly is crimped such that the result 
ing crimped terminal and wire are progressively re 
duced in diameter in a stepwise fashion, a forward 
deeply crimped portion elongates and is provided with 
a reservoir which substantially ?lls with extruded wire. 

The forward portion of the termination incurs the 
greatest reduction and the rearward portion the least. 
The crimping causes the aluminum wire to extrude 
through the perforations in the insert, thereby 
establishing good electrical contact between the wire 
and the terminal by breaking the aluminum oxide film 
on the aluminum wire. Longitudinal stress is 
developed at the interface of the extruded aluminum 
and the walls of the perforations which substantially 
prohibits longitudinal creep of the aluminum. The 
crimping also causes stranded aluminum wire to cold 
weld creating interstrand contact at the forward 
portion of the terminal where the greatest reduction in 
diameter takes place. 
The crimped termination is closed in the forward 
portion and sealed in the rearward portion by the 
bushing to provide protection from harsh 
environments by eliminating electrolytic corrosion. 

21 Claims, 17 Drawing Figures 
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CORROSION PROOF TERMINAL FOR ALUMINUM 
WIRE 

CROSS REFERENCE TO RELATED APPLICATION 

This application relates to application Ser. No. 
888,134, ?led Dec. 29, 1969, which is in turn a contin 
uation of Ser. No. 667,386, ?led Sept. 13, 1967. 

BACKGROUND OF THE INVENTION 

This invention relates to corrosion proof terminals 
for solid or stranded aluminum wire. 
The problems associated with copper~aluminum ter 

minations have long been recognized. Aluminum, upon 
exposure to air, forms a non-conductive, mechanically 
hard outer layer of aluminum oxide. The formation of 
the oxide layer is self-limiting. Thus, unlike the ferrous 
metals, progressive corrosion of the aluminum does not 
occur. The non-conductive nature of the oxide layer 
prohibits electrical conductance even when seemingly 
intimate contact has been established. A standard 
method of overcoming this non-conductance is to place 
a grease-abrasive mixture in intimate contact with the 
aluminum. When the terminal is crimped, the abrasive 
material cuts through the oxide ?lm establishing 
contact. The grease prevents reoxidation. This method 
is undesirable in oil-?lled transformers when the grease 
and abrasive may contaminate the oil. With stranded 
aluminum wire such a method does not insure good 
interstrand contact. 
Other solutions to the oxide problem are tin and 

copper clad aluminum wire. A good contact material is 
plated or clad directly onto the wire, thereby by-pass 
ing the oxide formation. Such wire is expensive. 7 
Creep or cold flow is another problem associated 

with aluminum. Aluminum has no ultimate rigidity. 
Thus, it will deform away from applied stress. The rate 
of creep increases with temperature. In a pressure con 
nection the creep away from the stressed area causes 
high resistance and heating. The heating causes accel 
eration of the creep. The ?nal result is failure of the 
joint. 
The creep problem has been overcome by maintain 

ing a constant stress on the joint by residual pressure. 
This has been done with spring washers in bolted con 
nections and with a C-member having spring character 
istics. The residual pressure in the C-member tends to 
follow-up on the wire as it creeps, thereby maintaining 
a continuous stress on the contact area. In crimped 
connections, the creep problem is minimized by com 
pletely con?ning the wire material in the wire barrel. 

Electrolytic or galvanic corrosion is another problem 
with copper-aluminum terminations. Since the electri 
cal potentials of the two metals differ signi?cantly, 
exposure to moisture containing an electrolyte estab 
lishes a galvanic cell with resulting current flow and ion 
exchange. Plating of copper with a metal having an 
electrolytic potential more similar to’ aluminum re 
duces the effect of the electrolytic action. Grease com 
pounds also provide protection by preventing the cor 
rosion media from contacting the coupled materials. 
The most effective way of removing electrolytic corro 
sion is to isolate the termination from the environment. 
This may be achieved by insulating the termination. 

SUMMARY OF THE INVENTION 

The referred'to applications provide an improved 
crimpable corrosion proof terminal for stranded or 
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solid aluminum wire. The precrimped combination 
consists of a tubular, plated copper terminal, the for 
ward portion of which is ?attened and closed and the 
rearward portion of which is tubular. The plating metal 
may be any metal with an electrolytic potential be 
tween —O.20v and —I .50v. The preferred plating metal 
is one having an electrolytic potential close to that of 
aluminum or —O.85v. Metals in the above mentioned 
range decrease galvanic corrosion which occurs when a 
electrolytic solution comes in contact with a bare cop 
per-aluminum interface. Copper-aluminum cells have a 
potential difference of 0.65v, aluminum having a po 
tential of —O.85v and copper —O.20v. 
A perforated conductive insert is placed in the rear 

ward portion of the tubular terminal. The insert mate 
rial should have a tensile strength greater than or equal 
to that of the aluminum wire so that extrusion of the 
aluminum through the perforations may occur thereby 
breaking the aluminum oxide layer which forms on the 
surface of the aluminum wire. The tubular portion of 
the terminal is enclosed in the forward portion of a 
metallic ferrule. The rearward portion of the ferrule 
has a greater diameter than the forward portion and 
into this rearward portion is inserted a sealing bushing. 

Either stranded or solid aluminum wire is inserted 
into the above described assembly and the combination 
is crimped. The crimped termination is one which is 
progressively reduced in diameter, the forward portion 
undergoing the greatest reduction, the rearward por 
tion the least. The rearward crimped portion is circular. 
The forward crimped portion is hemispherical. The 
forward portion of the crimped termination includes 
substantially all of the perforated insert. When this 
portion is crimped, the aluminum extrudes up through 
the perforations, breaking the oxide layer on the alumi 
num and giving good electrical contact. Further in the 
case of stranded aluminum wire, the crimping causes 
interstrand contact by cold welding the strands, 
thereby breaking the aluminum oxide layer. The hemi 
spherical crimp causes the interstrand movement, 
which is necessary to create the cold welding. 

Longitudinal stress is developed at the interface of 
the extruded aluminum and the walls of the perfora 
tions such that longitudinal creep is minimized. 
The progressively decreased deformation eliminates 

wire breakage which would otherwise occur if the wire 
is not supported via a less deformed area immediately 
after the maximum deformation crimp. The longer 
terminal also decreases the creep. 
The extruded aluminum is in intimate contact with 

the perforated insert thereby preventing reoxidation 
and maintaining good contact. Since the terminal is 
sealed, environmental electrolytic corrosion is elimi 
nated. This result may be assured by insulating the 
termination with, forvexample, heat shrinkable tubing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is an exploded perspective view of the ele 

ments of the a prior art terminal to which this invention 
has application; 
FIG. 2 is a perspective view of the terminal of FIG. 1 

crimped onto an aluminum conductor; 
FIG. 3 is a cross-sectional view of the crimped prior 

art termination; I 

FIG. 4 is a view taken along lines 4-4 of FIG. 3; 
FIG. 5 is a view taken along lines 5—5 of FIG. 3; 
FIG. 6 is a view taken along lines 6—6 of FIG. 3; 
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FIG. 7 is an enlarged, exploded perspective illustrat 

ing in detail a preferred embodiment according to the 
present invention; 
FIG. 8 is an enlarged, exploded perspective illustrat 

ing in detail a modification of the preferred embodi 
ment shown, in FIG. 7; 
FIG. 9 is a detailed section of the embodiment shown 

in FIG. 8 with parts assembled; 
FIG. 10 is a fragmentary elevation illustrating the 

preferred embodiment of FIG. 7 in partial exploded 
con?guration and a pair of cooperating crimping dies 
partially in section illustrating a crimping operation 
according to the present invention; 
FIG. 11 is a fragmentary elevation partially in section 

illustrating the preferred embodiment of FIG. 7 in fully 
assembled condition and with the crimping dies illus 
trated in FIG. 10 in cooperating relationship during 
crimping; 
FIG. 12 is a fragmentary elevation partially in section 

of the structure shown in FIG. 11, but with the crimp~ 
ing dies in cooperating relationship upon completion of 
a crimping operation according to the present inven 
tion; 
FIG. 13 is a enlarged fragmentary perspective of an 

electrical termination resulting from the crimping oper 
ation illustrated in FIGS. 10, 11 and 12; 
FIG. 14 is an enlarged longitudinal section of the 

termination illustrated in FIG. 13; 
FIG. 15 is an enlarged cross section taken generally 

along the line 15—l5 of FIG. 14; 
FIG. 16 is an enlarged detailed section taken gener 

ally along the line 16—-16 of FIG. 14; and 
FIG. 17 is an enlarged detailed section taken gener 

ally along the line l7~17 of FIG. 14. 

DETAILED DESCRIPTION OF THE PRIOR ART 

FIG. 1 shows the elements of a prior art terminal 
prior to assembly and crimping, to which the present 
invention has application. Plated copper terminal 1 is 
?attened and closed at its forward portion 2 and tubu 
lar in its rearward portion 3. Forward portion 2 de?nes 
a portion for engagement with a conductive member. 
The plating material may be any metal with an electro 
lytic potential between —.20v and —-l.50v. A simple 
copper-aluminum termination upon exposure to mois 
ture containing an electrolyte will create a galvanic cell 
resulting in decomposition of the materials. The rate of 
decomposition is directly related to the potential differ 
ence. Aluminum has a potential of —0.85v and copper 
a potential of —0.2()v. The potential difference is 0.65v. 
Thus, any metal which results in a potential difference 
less than 0.65v when in contact with aluminum will 
serve as a plating material. Tin is the preferred mate 
rial. 
Perforated insert 4 is housed in the inner end of tubu 

lar portion 3 of terminal 1. The insert may be of any 
conductive material with a tensile strength greater than 
the aluminum wire. This is necessary so that upon de 
formation the material of the insert will cause the alu 
minum to extrude through the perforations so that the 
non-conductive aluminum oxide layer will be broken 
allowing intimate contact between the aluminum and 
the terminal. Insert 4 is preferable made of tin plated 
brass. 
The forward portion 6 of metallic ferrule 5 houses 

the tubular portion 3 of terminal I. The rearward por 
tion 7 of ferrule 5 is of greater diameter than forward 
portion 6 and houses sealing bushing 8 which has an 

20. 

25 

v 

35 

40 

45 

50 

v 

65 

4 
inside diameter corresponding substantially to that of 
forward portion 6. The bushing may be any plastic 
material. Insulation 9 houses the crimped termination 
and provides insulation therefor. 

FIG. 3 shows a cross-section of the crimped termina 
tion. Solid or'stranded aluminum wire 10 is inserted 
into the termination assembly and crimped by crimping 
dies (not shown). Crimped portion 11 undergoes the 
greatest deformation or reductiongFlG. 6 indicates the 
hemispherical shape of the crimp. Upon crimping, alu 
minum wire 10 extrudes through the perforations of 
insert 4. The extrusion process breaks the layer of aIu~ 
minum oxide thereby establishing electrical continuity 
between the terminal and the wire. The intimate 
contact established between ‘terminal 3, insert 4, and 
wire 10 prevents reoxidation of the wire. The inner 
surface of the tubular portion 3 along which insert 4 
extends is also extruded into the perforations of the 
insert. 

In the case of stranded aluminum wire, the crimping 
causes the strands to cold weld, thereby establishing 
intimate interstrand‘contact. The hemispherical crimp 
causes the strands to rub against each other in a fashion 
which results in breakage of the aluminum oxide layer 
and cold welding is effected. The hemispherical con?g 
uration may be replaced by any con?guration which 
results in interstrand movement upon crimpingand the 
hemispherical crimp is not limiting but merely exem 
plary. . 

Because aluminum has no ultimate rigidity, longitudi 
nal creep away from the area under stress may result in 
failure of the termination. The extruded aluminum 
prevents longitudinal creep by creating longitudinal 
stress at the interface of the aluminum and the walls of 
the perforation. _' . 
Crimped portion 12 is also deformed in a hemispheri 

cal con?guration as shown in FIG. 5; however, the 
deformation is not as great as the deformation in 
crimped portion 11. Portion 13, which houses bushing 
8, is circularly crimped as shown in FIG. 4. Portions 12 
and 13 act as support for wire 10 and prevent breakage 
thereof. Without portions 12 and 13 mechanical move 
ment of wire 10 about section 17 will result in eventual 
breakage of wire 10. This crimped combination may 
then be enclosed by insulation 9 which may be on fer» 
rule 5 as part of the terminal assembly. Insulation 9 
may be heat-shrinkable tubing or the like. The heat 
shrinkable tubing is applied to the crimped area after 
the termination has been effected. The heat-shrinkable 
insulation further protects the termination from ad 
verse environment conditions. 
Sealing bushing 8 is used when insulation 9 is part of 

the terminal assembly, but, when heat-shrinkable insu 
lation is used, bushing 8 need not be used. In either 
case, the termination is sealed because the front end of 
terminal 1 is closed thereby forming a sealed termina 
tion. In some cases, insulation 9 may be eliminated and 
only sealing bushing 8 vneed be used. 

Alternatively in the area of greatest deformation of 
the crimp this area can take the form‘ of a convexo-con 
cave con?guration. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference now being made to FIG. 7, taken in 
conjunction with FIGS. 8 and 9, preferred embodi 
ments of a completely sealed termination of the present 
invention will be described in detail. A tin plated cop 
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per terminal 14 similar to the terminal 1, is fabricated 
with a solid tongue 16 similar in con?guration to the‘ 
?attened portion 2 of the teriminal 1. The tongue 16 is 
provided with an aperture 18 and is integral with a 
sealably closed end wire barrel portion 20. The tongue 
16 includes a planar surface 22 tangential to a cylindri 
cal surface 24 of the cylindrical wire barrel 20. The 
cylindrical wire barrel 20 includes a ?rst inner cylindri 
cal portion 26, the terminal end 28 of which is not 
planar, as expected with a right cylindrical con?gura 
tion, but is purposely formed to a convex con?guration 
serving as a reservoir as shown in FIG. 9 for a purpose 
to be described hereinafter. The cylindrical inner por 
tion 26 communicates with a relatively enlarged cylin 
drical inner portion 30 immediately adjacent to a ter 
minal end 32 of the terminal 14. 
As shown in FIG. 7, a perforated liner 34 of a mate 

rial similar to the liner 4, includes a plurality of perfora 
tions 36. The liner 34 is generally cylindrical in con?g 
uration and is fabricated from an elongated strip which 
is formed into a cylindrical con?guration with a tab 
portion 38 registering generally within a complemen 
tary shaped recess portion 40, the portions 38 and 40 
provided in adjacent lateral margins of the strip. A 
generally annular ring 42 is provided to register against 
the circular end 44 of the cylindrical insert 34. The ring 
42 has an inclined wall 46 giving it a tapered con?gura 
tion or a funnel con?guration providing a lead-in fun 
nel surface for the multiple strands 48 of a wire con 
ductor when inserted through the ring 46 and into the 
insert 34. The end portions of the strands 48 protrude 
from a surrounding insulation sheath 50 which is of any 
well known type that is impervious to moisture and 
other corrosion inducing environments. Such insula 
tion sheath 50 is further covered with an abrasion resis 
tant outer sheath 52. 
As shown in FIG. 10, the perforated insert 34 is in 

serted in registration within the cylindrical inner por 
tion 26 and the ring 46 registers against the end 44 of 
the insert 34 when placed within the cylindrical inner 
portion 30 of the terminal. The wire strands 48, of an 
aluminum conductor for example, are inserted within 
the terminal to lie entirely within the cylindrical insert 
34, the funnel shaped ring 46 gathering the ends of the 
strands 48 and comprising them radially inwardly 
toward one another to allow insertion thereof within 
the insert. The exposed portion of the insulation sheath 
50 registers within the inner cylindrical portion 30 of 
the terminal, with the outer insulation sheath 52 in 
‘adjacent spaced relationship from the end 32 of the 
terminal. 
A ?rst crimping die, a portion of which is shown at 

54, includes a generally segmented cylindrical crimping 
surface 56 located at the bottom of a die nest 58. The 
corresponding cooperating die, a portion of which is 
[shown at 60, includes a generally recessed segmented 
cylindrical portion 62 adjacent to a partially recessed 
lplanar crimping surface 64. A generally inclined frusto 
‘conical crimping surface 66 provides a transition 
gcrimping portion between the recessed planar crimp 
?portion 64 and the more deeply recessed cylindrical 
portion 62. A relatively projecting rectangular crimp 
surface 68 is adjacent to the recessed planar crimp 
‘surface 64 and is completely bounded by inclined side 
walls, one of which is shown at 70, which sidewalls 
provide stress relief for the crimp and other advantages 
to be described hereinafter. Generally centrally of the 
projecting surface 68 is a shallow reduced diameter 
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recess 72 provided with a reduced dimension conical 
recess. 
With reference to FIG. 11, the details of the crimping 

operation will be explained. The terminal 14, together 
with the assembled insert 34, ring 46 and aluminum 
conductor wire is inserted between the cooperating 
dies as shown in FIG. 11, with the cylindrical surface 24 
of the terminal received against the segmented cylindri 
cal surface 56 of the die 54. Upon initiation of the 
crimp, the projecting rectangular crimping surface 68 
initially will engage against and indent into the wire 
barrel 14. Such action initially radially compresses 
together the wire barrel 14, the insert 34 and the con 
ductor strands 48, thereby building up reaction pres 
sure in opposition to the crimping action of the surface 
68. As the dies 54 and 60 are progressively compressed 
toward one another in crimping relationship, such reac 
tion pressure correspondingly increases which causes a 
portion of the wire barrel 14 to extrude into the recess 
72 of the die 60. Such extrusion forms a projecting 
button having a projecting spike, shown at 74 in FIG. 
13 in the completed termination. The presence of the 
button and spike 74 indicates that the wire strands 48 
have been inserted suf?ciently into the terminal wire 
barrel 14. If either the button or the spike is absent 
from the completed termination, or if the button fails to 
achieve a cylindrical con?guration complimentary to 
'the die recess 72, this is an indication that the wire 
strands 48 have not been suf?ciently inserted within 
the wire barrel 14. The strands would not accordingly 
completely ?ll the insert 34 during indentation by the 
rectangular crimp surface 68. Thus, the reaction forces 
produced by the radially compressed terminal, insert 
and wire strands would be insuf?cient to produce the 
required extrusion of the terminal and provide the 
desired con?guration of the button and spike 74. 
As more particularly illustrated in FIGS. 11 and 12, 

crimping dies 54 and 60 are progressively compressed 
together until the remaining crimping surfaces 64, 66 
and 62 are brought into compressed relationship over 
the assembled terminal and conductor. As shown in 
FIG. 12, the dies 54 and 60 are shown at full comple 
'tion of the crimping operation with the cylindrical 
crimping surface 62 overlying and radially compressing 
the wire barrel upon the insulation sheath 50, the frus 
to-conical crimping surface 66 generally overlying in 
compressed relationship the transition between the 
cylindrical inner portions 26 and 30 of the terminal, 
and the rectangular crimping surface 68 forming a 
relatively deeply recessed or depressed crimp portion 
and in compressed relationship over the assembled 
terminal, insert and wire strands. 
As shown in FIG. 12, the terminal wire barrel 14 has 

been extruded from the dies 54 and 60 due to the rela 
tively deeply deformed crimp portion. The strands 48 
also have been extruded together with the terminal to 
protrude from the dies. The strands are additionally 
extruded to generally ?ll the reservoir 28 which has 
been purposely provided to receive the extruded por 
tions of the strands in order to prevent extrusion pres 
sures forcing the strands externally of the end 32 of the 
wire barrel and result in consequent escape of the 
strands from the wire barrel during termination. The 
inclined surface 70 of the die, in addition to providing 
a stress relief immediately adjacent to the relatively 
deeply recessed crimp provided by the crimping sur 
face 68, spaces the crimp surface 68 from the edge of 
the die 60 and insures that such crimp is located in 
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longitudinal spaced relationship from the reservoir 28. 
During the crimping operation, and due to such spac 
ing, the surface 70 applys crimping pressure in a direc 
tion which forcibly extrudes the wire strands into the 
reservoir. FIG. 12 additionally illustrates a relative 
dimension de?ned as the total length of the terminal 
before crimping and another dimension representing. 
the totallength of the terminal after crimping. Ideally, 
the crimping operation produces extruded elongation 
of the terminal in the range of 20-25 percent of its 
original length, with the corresponding same percent 

' age of extruded elongation of the strands 48. Addition 
ally, it is desirable that elongation of both the terminal 
and wire strands become concentrated at the vicinity of 
the relatively deeply recessed crimp provided by the 
rectangular crimping surface 68. Such correspondence 
in extrusion is assured since upon initiation of the 
crimp, the terminal, insert and wire strands are radially 
compressed together, with the perforations of the insert 
receiving extruded’portions of both the terminal and 
wire strands in tightly mechanically gripped relation 
ship. Thus upon application of progressively increased 
crimping forces, the gripped terminal and wire strands 
will extrude together and produce the completed crimp 
shown in FIG. 12. 
With reference to FIG. 13, taken in conjunction with 

FIGS. 14 through 17, the completed termination will be 
described in detail. The termination is characterized by 
an arcuate transition surface 76 disposed integrally 
with the planar surface 22 and the segmented cylindri 
cal surface 24 of the terminal. During extrusion, the 
surface 76 is formed simultaneously as the surface 22 is 
deformed out of tangential relationship with respect to 
the surface 24. Upon inspection of the termination, the 
arcuate surface 76 appears highly polished in appear 
ance occasioned by the wiping action of the arcuate 
surface 78 of the die, shown in FIG. 12, as the terminal 
and wire strands 48 are extruded longitudinally. The 
surface 68 of the die 60 produces a generally rectangu 
lar relatively deeply recessed crimp portion 79 
bounded by inclined sidewalls, three of which are 
shown at 80, 82 and 84. The inclined sidewall 84 ap 
pears to have. a highly polished appearance occasioned 
by the wiping action of the inclined surface 70 of the 
die 60 during longitudinal extrusion of the terminal and 
wire strands during the crimping operation. As shown 
in FIG. 14, the portion 86 of the extruded strands 40, 
which underlie the rectangular crimped portion 79, 
experiences a total reduction in area in the range of 57 
percent to 63 percent of the original area. Such reduc 
tion in area is occasioned by the purposeful longutudi 
nal extrusion of the wire strands 48 concentrated at the 
vicinity of the crimped portion 79. Since aluminum 
creeps readily when subjected to crimping forces, such 
reduction in area is readily converted into extrusion of 
the strands. Such extrusion is necessary for exposing 
unoxidized portions ,of- the strands enabling intimate 
mechanical and electrical contact within the termina 
tion. More speci?cally, the aluminum strands are 
readily deformed inelastically, whereas the observed 
everpresent oxide coatings on the aluminum strands 
are relatively brittle and do not readily deform inelasti 
cally. Thus, the relatively severe extrusion produced by 
the crimping operation advantageously creates inelas 
tic deformation and surface migration of the aluminum 
strands thereby fracturing the brittleoxides into sepa 

- I rate particles and separating the particles during the 
surface migration thereby exposing unoxidized surfaces, 
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of the wire strands. The separated particles create 
oxideinclusions subtracting from the obtainable elec 
trical contact, but the oxide free surfaces of the strands 
extrude through the perforations of the insert and en 
gage in intimate mechanical and electrical contact with 
the'correspondingly extruded wire barrel. 

, As shown in FIG. 14, the insert itself longitudinally 
elongates during the crimping operation, thus increas 
ing the size of the perforations 36 and allowing progres 
sively larger masses of oxide free wire strands to ex 
trude through the expanding perforations and engage‘ 
in electrical contact with the terminal. Additionally, as 
shown with reference to FIGS. 15 and 17, the inclined 
sidewalls 80 adjacent to the relatively deeply recessed 
crimp portion 79, produce laterally directed crimping 
forces forcing certain strands to plastically deform into 
longitudinal crevices 88 formed longitudinally of the 
wire barrel during crimping. Thus the wire strands 
extrude laterally as well as longitudinally in electrical 
contact with the terminal. The strand portions 86 in the 
vicinity of the relatively deeply recessed crimp portion 
79 have an elongated and drawn appearance with oxide 
inclusions being substantially isolated and separated by 
oxide free strand surface portions. Some oxide free 
surfaces which are not in electrical contact with the 
terminal, ‘are in contact with adjacent strands providing 
intimate mechanical and electrical contact therebe 
tween. More importantly, due to the deeply deformed 
crimping, the oxide free surfaces of adjacent strands 
are rubbed and cold welded together, further improv 
ing the electrical contact between the strands. 
A planar crimp portion 90 is provided adjacent to the 

inclined sidewall crimp portion 82 providing a transi 
tion and stress relief between the crimps 79 and 90. 
The crimp portion 90 creates a reduction in cross sec 
tion of the terminal and wire strands in the range of 45 
to 50 percent. The crimp portion 90 provides a gradual 
transition internally, of the wire barrel of extruded 
strand portions to unextruded strand portions. This 
eliminates tearing of the strands during the crimping 
operation due to an abrupt interface of extruded and 
unextruded strand material. The crimp portion 90 also 
insures that portions of the wire strands, as well as 
portions of the terminal, are extruded into the perfora 
tions of the insert to provide radially compressed me 

-chanical gripping forces immediately adjacent to the 
extruded portions of the terminal and strands, which 
become relatively weak in mehcanical strength due to 
the experienced extrusion. ' I 

Adjacent the end of the terminal is provided a seg 
mented cylindrical crimp portion 92 overlying and 
providing radially compressed gripping forces on the 
strands 48 and the surrounding environment impervi 
ous sheath 50. The crimp portion 92 produces a reduc 
tion in area of approximately 5 percent compressing 
the terminal 14, the sheath 50 and the strands 48 in 
intimate sealing relationship. As shown in FIG. 16, the 
strands 48 in the vicinity of the crimp portion 92 are in 
compressed relationship, providing residual reaction 
pressure resisting the compressive crimp forces, and 
additionally providing mechanical support at the end-of, 
the terminal for resisting vibration and twisting forces 
tending to destroy the sealing relationship. A frusto 
conical crimp portion 94 provides a transition of pro 
gressively reduced radially compressive forces between‘ 
the crimp portions 90 and 92. Such transition preventsv 
tearing of the terminal and of the wire strands at the 
transition between the crimp portions 90 and 92. Addi 
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tionally, the crimp portion 94 provides radially in 
wardly compressive forces forcing the perforated insert 
to bite into both'the' terminal and the wire strands, 
thereby mechanically interlocking the wire strands with 
the terminal and providing resistance to tensile forces 
tending to separate the wire and the terminal. As shown 
in FIG. 14, the ring 46 is embedded into the wire 
strands in the vicinity of the crimp portion 94. 
With reference being made to FIGS. 8 and 9, a modi 

?cation of the terminal shown in H6. 7 will be de 
scribed in detail. On many occasions, it is often desired 
to terminate aluminum stranded conductors which do 
not have an environment impervious sheath such as the 
sheath 50. In such case, an elastomeric generally cylin 
drical seal 96 is substituted for the ring 46 of the em 
bodiment shown in‘FlG. 7. The seal 96 is inserted 
within and extends the entire length of the inner cylin 
drical portion 30 of the terminal. An internal annular 
chamfer 98 is provided on the seal 96 providing a fun 
nel shaped lead in surface for gathering the strands of 
an aluminum wire when inserted in the terminal. It will 
be understood that exposed strand end portions of the 
wire are received in the perforated insert 34 and that a 
portion of the wire insulation sheath is received inter 
nally of the seal 96, such that when crimped, the seal 96 
will be readily compressed in sealing engagement upon 
the insulation of the wire. 
Other embodiments and modi?cations of the present 

invention will become apparent from the spirit and 
scope of the appended claims. 
What is claimed is: 
1. A crimped, corrosion-proof terminal connection, 

comprising: a terminal having a wire barrel portion, an 
insert within said wire barrel portion, an aluminum wire 
having an end portion received within said insert, with 
said wire barrel portion, said insert and said aluminum 
wire end portion being crimped together with a rela 
tively deeply depressed forward crimped portion and 
an immediately adjacent relatively less deeply de 
pressed rearward crimp portion, ' , 

said deeply depressed crimp portion including a pro 
jecting portion formed by anextruded portion of 
said wire barrel, _ ' 

said insert being provided with a plurality of perfora 
tions to accept therein extruded portions of said 
wire and of said terminal, 

said terminal including portions extruded into said 
insert perforations at said relatively deeply de 
pressed crimp-portion, ' 

said wire at said deeply depressed crimp portion 
including portions extruded‘ into said perforations 

. of said insert and in‘ electrical contact with said 
I extruded portions of said terminal,v ‘ I 

I said wire. extruded portions having an oxide layer 
thereon being purposely brokenupon extrusion at 
said relatively deeply depressed crimp portion to 
establish the electrical Contact with said terminal, 

said terminal and said insert and said wire in intimate 
contact thereby preventing reoxidation of said wire 
extruded portions and thereby preventing corro-v 
sion internally of said connection, ' ' 

a reservoir internally of said wire barrel portion for-9 
wardly of said insert, said deeply depressed forward 
crimp portion being substantially elongated in a 
forward direction during crimping and said'wire 
‘conductor being longitudinally extruded within 
said elongated forward crimp portion and substan-» 
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tially ?lling both said elongated forward crimp 
portion and said reservoir. 

2. The structure as recited in claim '1, wherein said 
projecting portion includes a projecting button and a 
spike formed by extrusion of said terminal at said 
deeply depressed crimp portion. ' 

3. A crimped, corrosion-proof electrical terminal 
connection progressively reduced in diameter in a step 
wise fashion resulting in a stepped crimp, the combina 
tion comprising: 
a terminal having a wire barrel portion, 
an insert received in said wire barrel portion, 
an aluminum wire, 
sealing means covering said aluminum wire and pro 

tecting said aluminum wire from corrosion, 
said aluminum wire having an end portion protruding 
from said sealing means and received internally of 
said wire barrel portion and said insert, 

said wire barrel portion, said insert and said alumi 
num wire end portion being crimped together upon 
application of crimping forces with a relatively 
deeply depressed first forward crimp portion and 
an’ immediately adjacent relatively less deeply de 
pressed second rearward crimp portion, 

said wire barrel portion at least partially receiving 
said sealing means therein together with said wire 
end portion, 

said wire barrel portion, said sealing means and said 
wire end portion being crimped together upon 
application of crimping forces and providing a 
third portion adjacent to said relatively less deeply 
depressed second crimp portion and rearward 
thereof with said sealing means in compressed seal 
ing relationship between said wire barrel portion 
and said wire end portion, I 

said wire end portion being in compressed relation 
ship at said third crimp portion and providing resid 
ual reaction pressure resisting crimping forces pro-v 
ducing said third crimp portion, and providing 
mechanical support at an end of said terminal for 
resisting vibration and twisting forces tending to 
destroy said sealing relationship, I 

said insert being provided with a plurality of perfora 
tions sufficiently large to accept therein extruded 
portions of said wire in said terminal, said terminal 
including} substantially extruded portions extruded 
into said insert perforations at said ?rst crimp por 
tion, ' 

said wire at said ?rst crimp portion including substan 
tially extruded portions extruded into said perfora 
tions of said insert and in electrical contact with 
said extruded portions of said terminal, 

said second crimp portion providing said'terminal 
and said insert and said wire in mechanical locked 
engagement resisting separation of said wire from 

' said terminal, ' ' 

said wire substantially extruded portions having an ' 
oxide layer thereon purposely fractured into sepa 
rated particles with unoxidized surfaces of said 
wire extruded portions being exposed and extruded 
into said perforations of said insert and in electrical 
contact with said extruded portions of said termi 
nal, ' 

a reservoir internally of said wire barrel portion for 
wardly of said insert, said ?rst crimp portion being ' 
substantially elongated in a forward direction dur 
ing crimping and said wire conductor being longi- - 
tudinally extruded within said elongated ?rst for 
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ward crimp portion and substantially filling both 
said ?rst crimp portion and said reservoir. 

4. The structure as recited in claim 3, wherein, said 
sealing means comprises a sheath of electrical insula 
tion material covering said aluminum wire. 

5. The structure as recited in claim 3, wherein, said 
sealing means comprises a cylindrical seal of insulation 
material encircling said aluminum wire. 

6. The structure as recited in claim 3, wherein, said 
aluminum wire at said ?rst crimp portion having a 
reduction in cross-section in the range of 57 to 63 
percent, and 

said wire at said second crimp portion having a re 
duction in cross-section in the range of 45 to 50 
percent. 

7. The structure as recited in claim 6, and further 
including: a transition crimp portion in the form of an 
inclined sidewall con?guration located on said terminal 
between said first crimp portion and said second crimp 
portion, said transition crimp portion providing strain 
relief of said terminal between said ?rst and said sec 
ond crimp portion. 

8. The structure as recited in claim 6, wherein, said 
wire at said third crimp portion includes a reduction in 
cross-section of about 5 percent, and further including: 
a frusto-conical crimp portion located between said 
second and said third crimp portions and providing a 
transition of progressively reduced radially compres 
sive forces between said second and third crimp por 
tions to prevent tearing of said terminal and of said 
aluminum wire at the transition between said second 
and said third crimp portions. 

9. The structure as recited in claim 3, whereinwsaid 
second crimp portion provides means de?ning a grad 
ual transition internally of said wire barrel of extruded 
wire portions to unextruded wire portions, thereby 
eliminating tearing of said wire and an abrupt interface 
of extruded to unextruded wire. 

10. The structure as recited in claim 3, wherein said 
wire barrel portion includes a sealably closed end‘con 
?guration fo'rming said' reservoir internally thereof. 

11. The structure as recited in claim 3, wherein, said 
?rst crimp portion is bounded by a plurality of adjacent 
inclined sidewall crimp portions providing strain relief 
for said terminal at said relatively deeply depressed 
crimp portion. 

12. The structure as recited in claim 10, wherein, said 
?rst crimp portion is bounded by a plurality of adjacent 
inclined sidewall crimp portions providing strain relief 
for said terminal at said relatively deeply depressed 
crimp portion, with at least one of said inclined sidewall 
crimp portions being located adjacent said sealably 
closed end con?guration of said tubular portion and 
producing crimping forces longitudinally of said wire 
tending to urge said wire into said reservoir. 

13. The structure as recited in claim 3, wherein, said 
aluminum wire is comprised of a plurality of strands 
longitudinally extruded at said ?rst crimp portion, with 
an oxide layer on each strand being purposely fractured 
into separated particles and with oxide free surfaces of 
said strands being exposed and extruded into said per 
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12 
forations of said insert and into electrical contact with 
said extruded portions of said terminal. 

14. The structure as recited in claim 10, wherein, said 
sealably closed end of said wire barrel portion is pro 
vided with a convex inner portion de?ning said reser 
voir. 

15. The structure as recited in claim 14, wherein, said 
?rst crimp portion is bounded by an adjacent inclined 
sidewall crimp portion which spaces said ?rst crimp 
portion in longitudinal spaced relationship from said 
closed end wire barrel portion containing said reser 
voir, said adjacent inclined sidewall crimp portion pro 
viding strain relief of said terminal and producing 
crimp forces tending to urge said aluminumywire into 
said reservoir. 

16. The structure as recited in claim 3,_and further 
including: a generally planar surface provided on at 
least a portion of said terminal at said ?rst crimp por 
tion, a button and a projecting spike formed from an 
extruded portion of said terminal and protruding from 
said generally planar surface, said ?rst crimp portion 
producing radial compression on said wire barrel por 
tion and on said insert and on said aluminum wire, the 
presence of said aluminum wire at said ?rst crimp por 
tion forming reaction pressure in opposition to said 
radial compression, and said reaction pressure being 
suf?cient to form said button and said spike from said 
terminal extruded portion. 

17. The structure as recited in claim 3, wherein, said 
terminal, said insert and said wire are radially com 
pressed together into mechanically gripped relation 
ship, and with said terminal, said insert and said wire in 
mechanically gripped relationship being together ex 
truded longitudinally upon application of said crimping 
forces at said ?rst crimp portion. 

18. The structure as recited in claim 17, wherein, said 
insert is progressively elongated upon application of 
said crimping forces at said ?rst crimp portion, with 
said perforations of said insert expanding in size upon 
elongation of said insert, and with progressively in 
creased masses of oxide free portions of said wire being 
extruded into said expanding perforations and also into 
electrical contact with said extruded portions of said 
terminal. 

19. The structure as recited in claim 17, wherein, said 
insert is elongated upon application of said crimping 
forces, said perforations of said insert being expanded 
in size upon elongation of said insert, and said oxide 
free portions of said wire are extruded into said perfo 
rations and also electrically contacting said extruded 
portions of said terminal. 

20. The structure as recited in claim 3, wherein, said 
?rst crimp portion produces longitudinal crevices in 
said wire barrel portion, said ?rst crimp portion in 
cludes a plurality of inclined sidewall crimp portions, 
each of said inclined sidewall crimp portions extruding 
said aluminum wire laterally of the longitudinal axis of 
said aluminum wire and into a corresponding crevice 
and also into electrical contact with said terminal. 

21. The structure as recited in claim 3, wherein said 
insert is electrically conductive and of a tensile strength 
greater than aluminum. 

* * * * * 
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